Regular surveillance and pre-emptive correction of subclinical stenosis have been shown to be useful procedures for reducing the rate of vascular access (VA) failure. Blood flow (Qa) measurement is considered the best procedure for VA surveillance. Qa below 500 ml/min or reductions over 25% from preceding Qa measurements are predictors of VA thrombosis.
Background
Native arteriovenous fistula (AVF) is the vascular access (VA) of choice for chronic hemodialysis treatment. Compared with central vein catheters or arteriovenous grafts (AVG), AVF are associated with lower morbidity and mortality rates [1] .
Nonetheless, AVF dysfunction is a very common problem in patients on chronic hemodialysis, which causes numerous complications (i.e., decreased dialysis efficiency, use of temporal VA, infections, hospitalizations, etc.) [1, 2] .
Stenotic lesions due to intimal hyperplasia are the most common cause of AVF malfunction. In most patients, subclinical AVF dysfunction precedes its failure or thrombosis by weeks or months [3, 4] . Hence, close monitoring can be a helpful measure for detecting potential treatable lesions.
The blood flow (Qa) measurement is considered the best procedure for VA surveillance [1, 5, 6] . Most of the available diagnostic techniques for Qa measurement include: Doppler ultrasound (DUS), ultrasound dilution technique, the Crit-line monitor, and those based on differential conductivity or in line dialysance [1, 7, 8] .
DUS provides accurate measures of Qa, although the higher cost, operator skill, and obstacles for its full application during the dialysis session can limit its use [9] .
Modern hemodialysis machines are able to directly measure AVF blood flow (AVFQa) through biosensors of temperature or ionic dialysance. These measures can be easily taken during the hemodialysis session with no significant extra cost [10, 11] .
The Kidney Dialysis Outcome Quality Initiative Guidelines (KDOQI) recommend referral for more comprehensive diagnostic evaluation when the Qa of any AVF falls below 500 ml/min [1] . In addition, the Spanish Guidelines expands this recommendation to any significant reduction of Qa (> 25% from preceding measurement) [12] .
The present study shows our experience in monitoring VA and preventing VA failure by Qa measurements with blood temperature (BTM) combined with DUS when a low or a significant drop Qa is detected.
Patients and Methods

Patients
We included stable patients on chronic hemodialysis that were treated in our dialysis unit from January to December 2015 at least for six months. Data were collected from the clinical report after informed consent to participate in the study was obtained. All patients have a native arteriovenous fistula (AVF) because we had not patients with AV grafts during the study period. All of these participants underwent thrice-weekly hemodialysis sessions, and their AVF Qa was regularly examined as a part of routine hemodialysis care.
We analyze the AVF Qa measures at recruitment and 6 months later.
The following clinical information was collected in each patient: demographic, comorbidity (Charlson index) [13] , diabetes mellitus, therapy with antiplatelets or anticoagulants, type and vintage of AVF, and time on dialysis treatment.
Vascular mapping was performed before AVF creation in all patients. Assisted primary patency (thrombosis-free access survival) was defined as the interval from time of access placement to access thrombosis or the time of measurement of patency [14] . Diabetes mellitus was considered as patients that had prescribed oral hypoglycemic agents or insulin.
Arteriovenous fistula (AVF) blood flow (Qa) measurement
Blood temperature monitor (BTM ®) was used to measure Qa (Fresenius machines, 5008). Qa measurements in each patient were performed with the same monitor throughout the entire study period.
The thermodilution method with BTM ® was described and validated by Schneitz, et al. [15] . The BTM ® induces an initial brief decrease of hemodialysis fluid temperature (-2 ºC for 2.5 minutes). This temperature bolus is transferred to the venous blood and detected by the venous sensor. Then this bolus is partially transported through the cardiopulmonary circulation and finally detected by the arterial sensor. The difference between the temperature boluses measured by arterial and venous sensors is equivalent to the percentage of recirculation. AVF Qa is measured by means of the difference in recirculation with normal and inverted lines, with the following equation:
Where Qs is the effective blood flow (ml/min), Rx is the recirculation with inverted lines, and Rn is the recirculation obtained with normal lines.
All the above measurements were completed within the first hour of the hemodialysis session, with a constant blood flow and ultrafiltration rate. In most patients, needles were placed at least 5 cm apart to reduce the vascular access recirculation.
Patients returned to normal hemodialysis prescription with the bloodlines in the normal position after measurements were taken. The value of Qa was analyzed as an early predictor of vascular access dysfunction.
Surveillance algorithm
The surveillance method is displayed in figure 1 . AVF Qa was measured in all patients at the start of dialysis treatment and subsequently every six months.
In case of AVF Qa below 500 ml/min and/or a reduction over 25% from preceding Qa measurements, a DUS survey would be indicated. DUS was performed with a Toshiba Xario ® SSA-660A machine by a nephrologist with more than five years' experience in the field of AVF DUS. Stenosis diagnosed by 50% reduction of the vessel lumen with impact on the fistula flow was treated with percutaneous transluminal angioplasty (using a 5-French sheath) and stent placement if required. When angioplasty was not indicated or failed, surgical examination and new anastomosis creation was the most usual procedure for trying to maintain AVF patency.
Design and statistical analysis
This study is a single-center observational cohort study. Results are expressed as the arithmetic mean ± standard deviation, or median and interquartile range [IQR], as appropriate.Quantitative variables were compared between groups by ANOVA or the Kruskal-Wallis test if the conditions for ANOVA were not satisfied. Kaplan-Meier survival analysis was used to calculate the survival rate for each AVF type. Cox-Mantel log-rank test was used to assess differences in patency rates among AVF types. A p value < 0.05 was considered statistically significant. Data were analyzed using SPSS software version 15 (IBM SPSS Statistic, New York, USA).
Results
The study group consisted of 64 patients. Their main clinical characteristics are summarized in table 1. Twenty-three patients (29%) were diabetics. Only 8 (12%) out of the 64 study patients were on anticoagulant therapy, and 23 (36%) on anti-platelet therapy.
Five patients were transplanted and 9 died during the study period.
The most common AVF type was radio-cephalic (47%) followed by brachio-cephalic (34%), and brachio-basilic (19%). As would be expected, significant differences in mean Qa among AVF types were found (Table 1) . No differences were found in AVF Qa between sexes.
Recirculation was measured with BTM
® , and the median value of this parameter was 13.8% [IQR 5-40 %].
According the AVF Qa measurement at recruitment, the patients were divided into those with a lower or higher flow of 500 ml/min.
Patients with Qa lower than 500 ml/min
The AVF Qa below 500 ml/min was detected in 17 patients (26%). In this group of patients, 47% were diabetics (n = 8). The follow-up of the AVF patency was 6 ± 3 (1-11.5) months. Table 2 summarizes the main characteristics and outcomes of the AVF of this group of patients. DUS revealed a significant stenosis in 11 cases (65%), and primary atherosclerotic narrowing of the feeding artery with poor blood flow in 6 cases. All but one patient with poor artery blood flow were diabetics.
Nine of the 11 patients with significant stenosis had a previous AVF flow measurement before the recruitment, and all but one showed a reduction over 25% from preceding Qa.
All significant stenosis were confirmed by fistulography.
Nine patients with significant stenosis were treated with ballooncatheter angioplasty and 2 with surgery. Five of them eventually developed AVF thrombosis after 1 (two cases), 3, 4 and 8 months Qa ml/min Figure 2 : AVF flow in patients with Qa higher than 500 ml/min at recruitment and six months later.
AVF-Qa1: VA flow at recruitment; AVF-Qa2: VA flow after 6 months. 
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* Median and interquartile range; ** radio-cephalic vs brachio-cephalic p = 0.13; ** brachio-cephalic vs brachio-basilic p = 0.43; ** radio-cephalic vs brachio-basilic p = 0.02. of the procedure (case 1, 2, 5, 8 and 14, table 2). In three patients we could not measure the flow after the procedure due to they had an early thrombosis, but in the two patients who had a flow' measure after the procedure, the flow had not increased significantly.
The six patients whose flow increased significantly after the procedure had no vascular complications during the whole study period (case 3, 7, 10, 12, 13 and 17) ( Table 2) .
Despite treatment, the thrombosis rate in patients with significant stenosis was 45% (5/11).
No relationship was found between the thrombosis rate and anticoagulant or anti-platelet therapy. Two patients died for reasons not related to vascular access one and three months after the treatment of the stenosis (case 10 and 13).
No interventions were performed in the 6 patients with poor arterial blood supply except regular surveillance, and none of them developed AVF thrombosis during the study period (case 4, 6, 9, 11, 15 and 16). In this group, the AVF flow determination six months later showed similar values.
Patients with Qa higher than 500 ml/min
The AVF Qa higher of 500 ml/min was detected in 47 patients (74%). The follow-up of the AVF patency in this group was 8 ± 2.6 months (1-11).
The fistula flow was measured six months later in 40 patients, and anyone had a flow bellow 500 ml/min (Figure 2 ).
The thrombosis rate in this group was 4% (2/47). Two patients developed a thrombosis one and three months after the basal Qa determination (VA flow: 962 and 1143 ml/min, respectively) but in both cases it was associated with a hypercoagulable state.
DUS was not performed routinely in this group of patients.
Discussion
A multidisciplinary approach with strong commitment of nephrologists, vascular surgeons and radiologists seem crucial to achieve optimal AVF care in chronic hemodialysis patients [7] . KDOQI guidelines outline the basic tools to early detect AVF dysfunction, including monitoring and surveillance methods [1] . The results of this study show that regular surveillance of AVF blood flow with the BTM combined with Doppler-ultrasound when detected a low flow is an effective method for early detection of AVF dysfunction.
Non-modifiable factors such as ageing and comorbidity, and modifiable factors such as smoking, obesity, or post-dialysis hypotension could affect AVF patency [8] . In the present study, all patients have an autologous AVF and pre-surgery mapping to indicate the type of AVF is made in all of them. The age and comorbidity of patients were similar to those described in other studies. Of note, a high proportion of the study patients were diabetics, and arterial blood supply problems were mainly found in this group of patients, despite of routine vessel mapping before AVF creation. However, no interventions were performed in the 6 patients with poor arterial blood supply except regular surveillance, and none of them developed AVF thrombosis during the study period.
Although the number of thrombosis was low, we did not find relationship between antiplatelet or anticoagulant therapy and thrombosis.
Surveillance is defined as the periodic evaluation of the vascular access with tools and instrumentation that may suggest the presence of dysfunction [1] . Different approaches have been reported, although a combined step-by-step screening algorithm may increase accuracy [10, 16, 17] . The surveillance protocol used in this observational study has several advantages: it is fairly easy to perform and measurements can be taken by hemodialysis personnel during the dialysis session, with no need to administer isotonic saline indicator. In addition, as BTM biosensor is incorporated in hemodialysis machines, no additional investment is needed.
In a previous study we observed as flow measurement with temperature biosensor has a good correlation with the ultrasound dilution method, both hemodialysis and online hemodiafiltration [18] . But it has been also reported that AVF Qa measurement may differ between different techniques [11, 19] . However, we observed that the measuring method is reproducible if the same type of biosensor is used to track the flow in each patient [20] .
One of the main drawbacks when using thermodilution sensors is that the same vein must be punctured in order to take subsequent measurements with normal and inverted lines.
We note that the flow of radio-cephalic AVF is significantly lower than braquio-cephalic and braquio-basilic without implying pathology at the level of the AVF, but no differences were found in AVF flow between sexes.
In our surveillance method, if the flow is below 500 ml/min or a reduction over 25% from preceding Qa measurements is detected, a DUS was indicated. DUS was performed by a nephrologist with more than five years' experience in the field of AVF DUS. If significant stenosis is not detected, regular checks flow AVF are performed every six months.
The use of DUS is time-consuming, and cannot be used routinely for the screening of vascular access dysfunction, however the routine measurement of the AVF flow allows us to identify patients at special risk who could benefit from a specific ultrasound scan.
Most patients with lower flow at 500 ml/min had disturbances in Doppler ultrasound, showing an excellent sensitivity to detect any dysfunction. The low flow mainly when associated with a significant decrease from prior checking is strongly suggestive of significant stenosis, but it should be noted that AVF DUS requires specific training to differentiate hemodynamic significant from nonsignificant stenosis. In this respect, it's also important to point that the ultrasound is performed by an experienced nephrologist that can better relate the morphological findings to the functional impact.
Preemptive percutaneous transluminal angioplasty has been advocated as the treatment of choice for underlying AVF stenosis [21, 22] . Our results are similar to that found in other studies, with a highly successful AVF repair after angioplasty, and significant improvement of AVF Qa [5, 10, 19] .
However, this treatment is not always successful, and thrombosis may occur after the initial intervention, especially if the flow does not increase after the procedure. Despite treatment, the thrombosis rate in our patients with significant stenosis was 45%, so it would be better to do the regular surveillance every three months to improve early detection of stenosis.
There were no found relationship between thrombosis and anticoagulant or anti-platelet therapy.
AVF lesions considered unsuitable for angioplasty were remitted for further surgical evaluation. However, the small number of these cases in our study does not allow us to compare both procedures.
In five diabetic patients an arterial poor flow was detected and did not have to make any therapeutic procedure. The flow was stable compared the next control and none of these patients had thrombosis of the fistula during a mean follow-up of eight months.
The AVF Qa was higher than 500 ml/min in most patients, and no major complications were observed during a mean follow-up of eight months except in two patients who developed an unexpected thrombosis that was related to a hypercoagulable state. The percentage of diabetics in this group was lower. The thrombosis rate in this group was significantly lower compared to patients with AVF Qa lower than 500 ml/min.
The main limitation is that it is an observational single-center study. Besides, due to the small number of events observed, other major risk factors for AVF thrombosis could not be identified. In addition, the surveillance method could not be applicable for AVF grafts, considering there were not patients with grafts in our dialysis unit.
